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BIOLOGICAL ASSESSMENTS FOR THE 

LOW ENERGY DEMONSTRATION ACCELERATOR, 1996 AM) 1997 

by Saul Cross 

ABSTRACT 

The Department of Energy W E )  plans to build, install, and operate a 
Low Energy Demonstration Accelerator (LEDA) in Technical Area 53 
of the Los Aiamos National Laboratory (LANL). LEDA will 
demonstrate the acderator technology necessary to produce tritium, 
but is not designed to produce tritium at LANL. USFWS reviewers of 
the Bioiogid Assessment prepared for LEDA insisted that the main 
draimge be monitored to measure and document changes to 
vegetation, soils, wildlife, and habitats due to LEDA effluent 
discharges. The Biology Team of ESH-20 (LANL’s Ecology Group) 
has pwformed these monitoring activities during 19% and 1997 to 
document baseline conditions before LEDA released significant effluent 
discharges. Quarterly monitoring of the outfau which will dischafge 
LEDA blowdown efkent had one exceedance of permitted 
parameters, a high chlorine discharge that was quickly remedied. 
Samples fioin 12 soil pits in the drainage area contained no hydric 
indicators, such as organic matter in the upper layers, streaking, 
organic pans, and oxidized rhizospheres. V e g d o n  transects in the 
meadows that LEDA discharges will flow through contained 44 species 
of herbaceous plants, all upland taxa. Surveys of resident bids, reptiles, 
and amphibians documented a fauna typical of local dry canyons. No 
threatened or endangered species inhabit the project area, but increased 
efnuent releases may make the area more attractive to many wildlife 
species, an endangered raptor, and several other species of mncern. 
Biological best management practices especially designed for LEDA 
are discussed, including protection of floodplains, erosion control 
measures, hazards posed by increased usage of the area by deer and 
elk, and revegetation of disturbed areas. 

Author’s note: This report updates and expands upon a previous report entitled 
‘?3iological Assessments for the Low Energy Demonstration Accelerator, 1996” by S d  

Cross (Cross 199th). 
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L ENVIRONMENTALSET~G 

1.1 General Setting and Climate 

The Low Energy Demonstration Accelerator (LEDA) will be sited within the 

boundaries of the Los Alamos National Laboratory (LANL). The 1 1 1 -h2 (43-mi2) 

Laboratory site is located in north-central New Mexico on the Pajarit0 Plateau, 

approximately 120 km (80 mi) north of Albuquerque and 40 Ian (25 mi) west of Santa Fe 

(Fig. 1). In the LANL region, the! eastern edge of the Pajarito Plateau descends to the Rio 

Grande in White Rock Canyon. The Rio Grande flows in a southwesterly direction along 

the easternmost boundary of LAN.,. 

Most LANL industrial developments are confined to the mesa tops, which range in 

elevation fiom a maximum of 2,400 m (7,800 e) above sea level (asl) dong the western 

boundary to about 1,900 m (6,ZOCI R) as1 at their eastern terminus above the Rio Grande. 

The canyons within LANL boundtuies can be as deep as 300 m (1,OOO f€) below the mew 

top. LANL is divided into Technical Areas (“As) that contain administrative and support 

hction buildings, experimental mid research areas, waste disposal areas, roads, and utility 

corridors (Fig. 2). However, these components occupy only a small part of LANL’s total 

land area, and the remainder is resewed as b& zones and potential sites fbr future 

development (EPG 1996). 

Most of the mesas in the Los Alamos area are formed fiom Bandelier Tuff, which 

includes ash M, ash fa pumice, and rhyolite M. The 

welded, is more than 300 m (1,OOO .Et) thick in the western part of the Plateau and thins to 

about 80 m (260 ft) eastward above the Rio Grande. It was deposited as a result of major 

ranging fiom nonwdded to 

LEDA BioliqjiW’ Report for 1996 and 1997, puge 2 
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Fig. 2. Location of TA-53 with respect to Laboratory TAs and surrounding lands. 
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volcanic eruptions in the Jemez Mountains approximately 1,200,000-1,600,OoO years 

ago.The tuff overlaps onto the Tschicoma Formation, which consists of older v o l d c s  

that form the Jemez Mountains, In the central and eastern edge dong the Rio Grande, the 

tuff is underlain by the conglomerate of the Puye Formation. Chino Mesa basalts intennix 

with the conglomerate along the river. These formations overlay the sediments of the 

Santa Fe Group, which extend across the Rio Grande Valley and are more than 1,OOO m 

(3,300 fi) thick (EPG 19%). 

LAM, has a semiarid, temperate mountain c l i t e .  Summer temperatures range 

&om 21°C to 3 1°C (70°F to 88"F), during the daytime, to 10°C to 15°C (SOOF to 59OF) 

during the nighttime. Temperatures occasionally will break 32°C (90°F). The highest 

temperature ever recorded in Los A l m s  is 35°C (95OF). 

Winter temperatures range &om -1°C to 10°C (3OOF to 5OoF), during the daytime, 

to -9°C to -4°C (1 5OF to 25°F) during the nightthe. The lowest temperature ever 

recorded in Los Alamos is  -BoC (-18OF). Winter is not particuiady windy, so extreme 

wind chills are uncommon in Los Alamos (EPG 1996). 

The average m u d  precipitation is 48 cm (18.7 in.), and the first five years of the 

1990s are considered to be normal raiddl years. Approximately 48% of the iurnual 

precipitation normally falls during July-September rains. Runoff &om late-summer 

thundershowers flows through the various canyons, supplementing ground water in the 

shallow alluvium. Winter precipitation fails primarily as snow with accumdations of about 

150 cm (59 in.) (EPG 19%). 

13 Sandia Canyon 

Sandia Canyon has three reaches: an upper reach consisting of a cattail (Typha 
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lufifaZia) marsh and a narrow channel with a coniferous overstory, a middb reach 

consisting of a usually-dry &it floodplain with a variable overstory, and a lower reach with 

a coniferous overstory. The firs1 two reaches occur on LANL property, and LEDA 

effluent releases wilt eventually be discharged into the middle canyon reach. The lowest 

reach OCCUTS primarily on lands belonging to the Pueblo of San Ildefom and includes the 

confluence of Sandia Canyon wirh the Rio Grande. 

The head of Sandia Canyon is near the University House in TA-3, and the canyon 

extends southeastward &om this point to the Rio Grande. The drainage basin occupies 

approximately 13.5 km2 (5.6 miz), with the initial 7.5 km (4.7 mi) of the canyon occurring 

on LANL property. Industrial duents  fiom LANL activities maintain a year-round 

stream flow in upper Sandia Canyon. The lower canyon has seasonal flows, and stream 

water reaches the Rio Grande onhy a few days each year due to storm events and 

snowmelt. Monthly 1996 and 1997 precipitation totals from the nearest meteorological 

station (located within TA-53) are shown in Figs. 3 and 4. 

The National Wetlands Inventory (NWl) conducted by the U. S. Fish and Wildlife 

Service (USFWS) identified three types of wetlands or water systems within Sandia 

Canyon (Cowardin et al. 1979). These determinations were made primmly by 

stereoscopic analysis of hq& altitude aerial photographs and were not field checked. The 

aerial photographs typically reflect  conditions during the specific year and season when 

they were taken. Federal, State, and local regulatory agencies with jurisdiction over 

wetlands may define and describe wetlands in a different m e r  than that used in this 

inventory. According to the NWI, the upper reach in TA-3 is a “persistent, artificially 

flooded, palustrine wetland.” ‘%termittent, temporarily flooded, riverine stream beds” 

LEDA Biologicxi‘ Reprt  for 1996 and 1997, page 6 
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occur within the myon both upstream and downstream tiom the project area. The 

confluence of Sandia Canyon with the Rio Grade has a “permanently ff ooded, lower 

perennial riverine wetlands with an unconsolidated bottom.” The NWI map of Sandia 

Canyon is shown in Fig. 5 .  

The Biology Team of LANL’s Ecology Group (ESH-20) has studied upper Sandia 

Canyon for the past several years. The team monitored aquatic maaoinvertebrates, habitat 

suitabilityy and water quality parameters (pH, water temperaturey dissolved oxygen, and 

conductivity) in the upper canyon area monthly tiom 1992 through 1996. Annual status 

reports (Bennett 1994; Cross 1994,1995,1996b) document conditions found within and 

below a cattail-dominated mush, the largest wetlands on LAPJL property. 

The Sandia Wetlands occurs downgradient fiom TA-3 and bas received effluent 

discharges fkom LANL operations since the early 1950s. This wide expanse of cattails is 

surrounded by Gambel’s oak (Quercus gmbelii) and several species of conifefous trees. 

A peremid stream flow is currently maintained primarily by discharges &om cooling 

towers below the TA-3 power plant, recirculated water from the Sanitary Waste Systems 

Consolidation (SWSC) plant, and storm water diversions from TA-3 roads, buildings, and 

parking lots. A large culvert underneath a demolition landfill empties water fiom the TA-3 

power plant, diverted storm water, and several low-volume LANL outfalls into the head 

of the canyon. Approximately 40 m (125 fi) from the culvert, SWCS Outfall 13s releases 

excess reuse water on a southern hillside, and much of this discharge flows into the stream 

channel. 

Typical flows range between 40 to 60 gpm through the culvert and 100 to 150 

gpm through OutM 13 S, although storm events tremendously increase these volumes. 

LEDA Biological Reprt for 1996 und 1997, page 9 
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Waters fiom both points of discharge commingle in the charmel that has cut through soft 

sediments near the center of the canyon. More accurate and continuous measurements of 

water flows is required before the magnitude of storm events in the upper canyon area can 

be quantified. 

Downstream from the cattail marsh, the stream passes through an approximately 

3.0-km (1.9-mi) stretch of densely shaded narrow canyon. The overstory consists 

primarily of Douglas-fir (Pseudotsuga menziesii), ponderosa pine (Pinus ponderosa), and 

white fir (Abies concolor). Several riparian trees and shrubs grow along the stream bank, 

including coyote willow (Salix exigua), water birch (Betula mci&n&dis), and Rocky 

Mountain maple (Acer glabrum). 

The stream emerges fiom the shaded canyon in the TA-53 area. Here, the drainage 

is contained within a deep ravine bordered by the precipitous roadbed of East Jemez Road 

to the north. The southern edge of the stream is a steep hillside densely forested by 

Douglas-fir, ponderosa pine, and small Gambel oak trees. The streambed substrate 

consists primariIy of cobbles, gravels, and fine sediments eroded &om upstream areas. 

The narrow ravine extends for approximately 1.6 km (1 .O mi) before the drainage 

enters a large meadow extending along both sides of East Jemez Road in the middle 

canyon section. Discharges from the LEDA outfau will enter the canyon near the head of 

this meadow, where the flat grassy area is approximately 145 m (480 ft) wide with the 

road running through its center. Tall (21 m or 70 fi) sheer tuff cliffs ring the northern edge 

of the meadow, while the southern edge is more gradual and is well vegetated with 

coniferous trees. The upper meadow contains only a fav scattered trees, but the overstory 

is fairly thick downstream, consisting of one-seed juniper (Juniperus monupma), pinon 
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pine (Pims edulis), and ponderosa pine trees with a shrub layer of skunkbush (Rhus 

trilobata) and small Gambel oak. The drainage meanders through this fairly flat section for 

approximately 4 km (2.5 mi) until it crosses State Route 4 and enters lands belonging to 

the Pueblo of San Ildefonso in the lower canyon section. 

1.3 Description of Area to be Affected by LEDA Discharges 

Cooling water from LEIIA operations will be discharged at outfatl03A113 behind 

buildings 53-293 and 53-294. The Clean Water Act established the National Pollutant 

Discharge Elimination System @PDES) as a means to assess point-source effluent 

discharges of the nation’s waters, and Outfii 03A113 is permitted and monitored under 

the NPDES regulations. Effluent from LEDA will be discharged at the mesa’s edge and 

onto a steep hillside on Sandia Canyon’s northern edge. The area immediately to the east 

and partially above the outfall is unvegetated and covered with loose fill from road 

construction. This material covers a steep 12-m (40-R) -high slope, is eroding, and is a 

source of sediments to the lower portion of the outfhll drainage. The point of discharge is 

a 0.8-m (2.5-R) -wide culvert near an industrial area of buildings, parking lots, and paved 

roads. This outfall has previously discharged effluents from other TA-53 operations, and a 

second culvert located 1.5 m ( 5  ft) to the west discharges into the same drainage. 

Efnuent fiom Outfall 03 A1 13 flows southward onto exposed tuff which has been 

mechanically scooped out to form a short channel that is 0.8-m (2.5-ft) -deep and 0.9-m 

(3-R)- wide. The upper section is fairly level for about 6 m (20 ft), after which the 

drainage spreads out as it dewids a steep section oftufffor another 7.5 in (25 e). The 

drainage then levels out for another 30 m (100 ft) until it drops off the sheer 18-m (604) 
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tuff mesa edge into the northern side of middle Sandia Canyon, where a plunge pool has 

formed. 

The lower outfall drainage initially has a thick overstory of small Gambel oak, 

skunkbush, and scattered ponderosa pine and is well shaded by the overstory and 

surrounding cliffs. The drainage meanders for approximately 85 m (240 ft) until it enters a 

large grassy meadow to the north of East Jemez Road. This section of the channel is as 

much as 1.2 m (4 ft) deep and 1.8 m (6 ft) wide with a substrate primarily of sand with 

some cobbles. In this stretch, the channel has cut through the loose and erodable alluvium 

exposing unvegetated banks. The drainage abruptly turns eastward, paralleling the north 

of East Jemez Road, and its route becomes less certain. Sandy deposits mark the drainage 

for another 50 m (165 fi) until it disappears in the tall grasses and forbs. It is apparent that 

past flows have seldom carried materials beyond this point. However, LEDA discharges 

may eventually reach the main channel of Sandia Canyon, which lies to the south of East 

Jemez Road. 

Increased discharges may flow an additional 45 m (1 50 ft) through the northern 

Section of the meadow and pass under East Jemez Road through an existing culvert. Once 

on the south side of East Jemez Rod, the effluent would enter the main drainage in 

Sandia Canyon, where the canyon is approximately 115 m (380 ft) wide. The channel is 

0 . 1 5 4 3  m(0.5-1.0A)deep and2.5-4.6m(&15 ft)widewithasubstrateofsandsand 

gravels. These fine sediments and the chamel’s meandering pattern are characteristic of 

slow flows. The drainage continues along the fairly level floodplain for approximately 3.5 

km (2.2 mi) until it passes underneath State Route 4 and briefly onto property of Bandelier 

Nationai Monument. Most of lower Sandia Canyon occurs on Pueblo of San Ildefonso 
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lands. The canyon ultimately joins with the Rio Grande approximately 5 km (3 mi) east of 

LANL property. 

IL PROJECT DESCIUPTICI)N 

2.1 The LEDA Project 

The Department of Energy (DOE) plans to build, install, and operate LEDA in 

building MPF-365 at TA-53. LEDA will demonstrate the technology of the low-energy 

(40 MeV or less) front end of the high-energy (1 000 MeV or more) accelerator that 

would be necessary to produce tritium. LEDA will be located at Los Alamos, but the &ai 

Accelerator Production of Tritium plant will be located at Savannah River, South 

Carolina. 

The LEDA project is not intended to produce tritium or other radioactive 

materials. The proton beam will not pass through water, but neutrons produced when 

protons hit the beam stop may generate trace amounts of tritium when they strike the 

beam stop cooling water, This potentially activated water will be contained in a closed 

loop. This closed loop will be isolated from the cooling-tower loop by an intermediate 

heat-exchanger loop. The radioctctive beam stop cooling loop is thus doubly-isolated from 

the cooling-tower loop to prevent release into the environment. The LEDA beam stop will 

be designed to minimize tritium production whereas the final accelerator production of 

tritium plant beam stop wiIl be dtsigned to maximize tritium production. A more complete 

description of the project is inchded in the Environmeatal Assessment prepared for the 

LEDA project @SH-20 1996). 
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The purpose of LEDA is for research and development of accelerator technology 

only. The accelerator was initially planned to be staged in five steps, which would be 

developed over seven years: 

Stage 1 is the injector only, with a final beam energy of 0.075 MeV and a beam 

current of 110 mk 

Stage 2 includes the injector plus a radio-fiequency quadrapole (RFQ) accelerator 

having a final beam energy of 7 MeV and a beam current of 100 mA. 

Stage 3 includes the injector, RFQ, and a section of a coupled-cavity drift tube linear 

accelerator (CCDTL) with a thal beam energy of 20 MeV and a beam w e n t  of 100 

mA. 

Stage 4 adds another section of a CCDTL accelerator to bring the 20 MeV beam up to 

40 MeV. 

Stage 5 adds a second injector, FWQ, and 20-MeV CCDTL to bring the beam current 

up to 200 mA Another CCDTL module may be added to produce a find beam energy 

of 30 MeV. 

The original schedule has been changed, and the project has been scaled back. A 

Safety Analysis Document (SAD) Written for LEDA only covers activities through Stage 

3. Stage 3 is also limited by reducing the proton beam fiom 20 MeV to approximately 12 

MeV. As written, the SAD limits the project to the 6rst 3 stages, but the document could 

be rewritten to include Stage 4. Stage 5 is no longer considered in the LEDA project at 

LANL (DOE 1997). The schedule (which is tentative and subject to receiving necessary 
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fundig) calls for the commencement of installation for Stage 1 in October 1996, Stage 2 

in July 1997, and Stage 3 in July 1998. 

The heat generated by the LEDA beam stop will be released through water cooling 

towers. The cooling capacity of the present MPF-365 cooling tower is 2.9 M W ,  which is 

sufficient for Stage 1. Estimations of required cooling needed for subsequent stages are 

9.5 MW for Stage 2, and 12 MW for Stage 3. This may require the installation of larger 

cooling towers adjacent to building MPF-365 to sufficiently increase the cooling capacity. 

Increased cooling toweir capacity will increase water discharge (blowdown) 

through Outfall 03A- 1 13. This outfall is currently permitted, as required by the NPDES, 

and is monitored by ESH-18 (LANL’s Water Quality and Hydrology Group). The 

quantities of water to be discharged into Ou$all03A-113 are 44,900 &./day during Stage 

2 and 64,800 gal./day during Stage 3. These are maximized average daily discharges, 

calculated by dividing the projected amount of water to be discharged into the outM each 

year (17,000,000 gal. for Stage 2 and 24,000,000 gal, for Stage 3) by 365 days. However, 

the project is not realistically expected to operate 365 days a year. Initially, it was thought 

that the project would release significantly louger quantities of water during later stages, 

and Stages 4 and 5 releases weire estimated at 107,000 gal./day (39,000,000 gal&.). 

Elimination of Stages 4 and 5 &om LEDA greatly reduce the project’s potential 

for impacts to the surrounding landscape. A land disturbance of greater than 5 acres 

requires that a Storm Water Pollution Prevention Plan be written. At that point, it is clear 

that any increase in power demand for Stage 3 would disturb less than 5 acres to 

accommodate any modification of the utility power corridor to TA-53. The existing 
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building electrical power at Building MPF-365 is believed to be adequate for the scaled 

back project, and will probably not require expansion and modification (DOE 1997). 

2.2 Biological Assessments 

The proposed LEDA project required a National Environmental Policy Act 

(NEPA) review before modification of existing structures and construction could proceed. 

NEPA guidelines would not allow a categorical exclusion of LEDA's planned activities, 

and an environmental assessment was performed to determine how the project would 

affect environmental and human health. Upon receipt of the environmental assessment, 

DOE issued a Finding of No Significant Impact (FONSI). The FONSI concluded that the 

proposed action's environmental effects would be minimal and approved the 

commencement of LEDA operations. Areas of concern were to be addressed through a 

Mitigated Action Plan (MAP), which would report the status of all LEDA mitigation 

activities in a series of annual reports (DOE 1996). The first annual report was Written for 

calendar year 1996 and was issued in March 1997 @OE 1997). 

The USFWS reviews major federal construction projects for potential effects on 

threatened and endangered (T&E) species, floodplains and wetlands, and other sensitive 

habitats. A Biological Assessment (Cross 1996c) was prepared for the LEDA project and 

submitted to the USFWS office in Albuquerque for review. It was impossible to state with 

Certainty what effect LEDA efient  discharges would have on Sandia Canyon and 

whethez or not a wetland area would be created. USFWS reviewers insisted that the main 

drainage be monitored to measure and document changes to vegetation, soils, wilwe, and 

habitats due to LEiDA discharges. Therefore, the following section was added to the 
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assessment to address these co~icerns: 

“. ..biologists will monitor the lower drainage areas for changes in flora., 

fauna, and soils. We will suwey permanent vegetation transects within 

Sandia Canyon at least annually. Pitfall traps will be installed and checked 
daily during the sampling season for reptiles and amphibians. Birds will be 

censused during the summer when resident populations and diversity are 
highest. Soil cores will be removed with a hand auger and examined for 
the presence of organic: material content, streaking, and organic pans.” 

The Biology Team of LANL’s ESH-20 completed all aspects of the first two 

year’s monitoring program during 1996 and 1997, and the results and discussion of these 

studies form the basis of this report. The biological monitoring area for the LEDA project 

is shown in Fig. 6. 

The information collected prior to large etlluent releases will be used as baseline 

data to compare with subsequent data collected during active discharges and after project 

termination. A wetlands is defined by hydrology, vegetation, and soils; and all three of 

these parameters will be measured. If significant eflluent discharges are released into 

Sandia Canyon, a study of resident aquatic invertebrates will be initiated in accordance 

with established protocols. Water quality parameters of pH, water temperature, dissolved 

oxygen, and conductivity will be measured simultaneously with invertebrate collection. 

These data and their analyses will be included in fbture annual reports. 

m SOILS 
Soils consist of unconsolidated natural material that supports, or is capable of 

supporting, plant life. The mineiral portion and organic matter in a soil are influenced by 
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Fig. 6. Bioiogiclrl Monitoring Area for the LEDA Project. 
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many interacting environmental factors. The mineral portion consists of soil particles or 

“separates” that are defined according to their S i  (Table 1). A soil’s texture is 

determined by the relative proportions of soil particles present, and most soils contain a 

mixture of particles. Mineral soils have relatively s d  mounts of organic matter, while 

histosols are composed prima1-3~ of organic matter. 

Table 1. Soil Particle Classifications. 
Soil Particle Size (mm) Size (in.) 

Gravel > 2.00 > 0.07874 I :td 

I 0.05-2.00 I 0.0 1969-0.07874 I 
0.002-0.05 0.00078-0.01969 

Clay <: 0.002 < 0.00078 

3.1 Erosion Control 

Potential erosion problenis in the outfd drainage due to LEDA effluent discharges 

will be monitored. The LEDA MAP states, “The cooling tower waste water released 

through Outfall 03A113 will be monitored quarterly by ESH-18 personnel [LANL’s 

Water Quality and Hydrology Group] to ensure the discharge meets the requirements of 

LANL’s NPDES permit. At the same time, the drainage channel of the o u m  will also be 

monitored for erosion effects. Ifrieeded over the course of the project development, 

appropriate erosion controls will be implemented by the LEDA project management 

employing Best Management Practices. Erosion controls could consist of such Best 

Management Practices as the instidlation of a spill pad with velocity breakers” @OE 

1996). 

3.2 Hydric Soils 

Soils, hydrology, and vegeaation are the three components of a wetlands as defined 
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by the U. S. Corps of Engineers and the U. S. Environmental Protection Agency. Soil 

analysis allows long-term interpretation of local conditions, as opposed to plants and 

hydrology, which can change relatively rapidly. Soils in dong the drainages are thus not 

expected to change drastically due to increased LEDA effluent discharges. Soils are 

analyzed to assess long-standing and baseline conditions in and near the drainages. If 

water inputs do increase sigmiicantly, a corresponding increase in organic material in the 

drainage soils is expected to be one of the first noticeable changes. 

Wetlands typically have hydric soils. A hydric soil forms under conditions of 

saturation, flooding, or ponding d c i e n t  to develop anaerobic conditions in the upper 

layers. Although a l l  soil-forming factors (climate, parent material, relief: organisms, and 

time) a f f ec t  the characteristics of a hydric soil, the overriding influence is the hydrological 

regime. 

The unique characteristics of hydric soils result &om the influence of periodic or 

permanent inundation or soil saturation for sufticient duration to effect anaerobic 

conditions. Prolonged anaerobic soil conditions lead to a reducing environment, resulting 

in chemical reduction of some soil components. Such reduction ultimately leads to the 

development of soil cofors and other physical characteristics indicative of hydric soils 

(WTI 1995). 

Most soils in the mid-Sandia Canyon drainage are composed primarily of sand. If 

hydric mils did develop in this area, they would be hydric mineral soils containing low 

amounts of organic matter. In most sandy soils, soil color should not be used as a 

wetlands indicator because the color of these soils only reflects the color of the parent 
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material. However, three additional soil features are used as indicators of sandy hydric 

soils (WTI 1995): 

High organic matter content in the upper layem. Organic matter tends to 

accumulate in the susace layers of sandy soils that are inundated or saturated to the 

surface for a significant portion of the growing season. Prolonged inundation or 

saturation creates anaerobic: conditions that greatly inhibit oxidation of organic matter 

and promote reducing conditions. Such reduction requires the reduction of iron rather 

than simply the depletion oi'fiee oxygen (Vepmkas 1995). 

Streaking of subsurface layers by organic matter. Organic matter is moved 

downward through sand as the water table fluctuates. This often occurs more rapidly 

and to a greater degree in some vertical sections of a sandy soil containing high 

content of organic matter than in others. Thus, the sandy soil appears vertically 

streaked with darker areas. 

Organic pans. As organic matter is moved downward through sandy soils, it tends to 

accumulate at the point representing the most commonly occurrhg depth to the water 

table. This organic matter tends to become slightly cemented with aluminum, forming 

a thin layer of hardened soil. These horizontal accumulations occur at depths of 30-75 

cm (12-30 in,) below the s~uface. 

Living plant roots cany free oxygen into the soil. This oxygen is reduced in 

anaerobic soils, creating visible reddish rhizospheres surrounding the plant's fine roots. 

Such rhizospheres thus provide an additional indicator of saturated conditions, if live 

vegetation occurs within the sampling area. 
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3.3 Soils within the LEDA Drainage 

The Biology Team dug sod pits down-went from Outfdll03A113, the site of 

LEDA effluent discharges. Pits NH-1, NH-4, NH-5, SH-2, SH-4, and SH-6 were dug in 

December 1996; and pits NH-2, NH-3, NH-6, SH-1, SH-3, and SH-5 were dug in 

September 1997. The 6 soil pits within and beside the outfall drainage were designated 

with an “N“ because they occur to the north of East Jemez Road. The 6 pits dug within 

the main mid-Sandia Canyon were designated with an “s” because they occur to the south 

of the road. 

Hydric characteristics can be destroyed in a main channel by repeated flooding, and 

pits were excavated in the channel, in sand bars, and in bordering vegetation (Table 2) to 

sample a number of representative areas. Each pit was 45 cm (I 8 in.) deep and steep-sided 

to allow accwate determination of relevant soil characteristics. Soils f k m  different levels 

in each pit were sampled and analyzed. All soils were moistened and manipulated by 

kneadiig to determine soil types. 

Table 2. Soil Pit Locations and Soid Characteristics. 
Sailpit# Location Soil Characteristics 
NH- 1 within lower outW drainage at surface of sane no roots; virtually no 

sharp bend to the east, organic matter in the upper layers; upper 14 
unvegetated. cm (5.5 in.) of loose sand; lower layer a 

sandy loam. 
6 m (20 ft) east ofNH-1; within surface of sand and small gravel; no roots; 
the 1.2-m (44)  wide drainage; a virtuaUy no organic matter; upper 18 cm (7 
€ittle scattered vegetation of in.) of coarse sand; lower layer a sandy 
cockle bur, white sweet clover, loam. 
and mullein. 
20 m (65 f€) east of NH-1; on surfbe of sand, gravel, and occasional 
sandbar along south-side of pumice chunks; several small roots, but no 
drainage; some vegetation of oxidized rhizospheres; sand at all depths. 
mullein, false tarragon; white 
prairie clover, white s w d  
clover, and grasses. I 

NH-2 

NH-3 

I 
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soil Pit # 
NH-4 

NH-5 

NH-6 

SH- 1 

SH-2 

SH-3 

SH-4 

SH-5 

SH-6 

Location 
22 m (70 fl) east of NH-1; on a 
sand bar with scattered 
cocklebury false tarragon, and 
aster. 
26 m (85 fl) east of NH-2, 
within area vegeta,ted with blue 
grama and false tarragon. 

40 m (130 A) east ofNH-1; in 
well-vegetated area south of 
drainage; plants include false 
tarragon, nodding brome, blue 
grama. 
15 m (50 fl) east of culvert 
under East Jemez ]Road; in 
center of 6-m (204R) wide 
drainage; unvegetated. 

30 m (100 ft) east cofdvert; in 
center of main drainage; 
UnVegetated. 

46 m (150 fi) east of culvert; on 
alluvial bench 3.5 nn (1 0 fk) 
north of channel; s~irface 
sparsely vegetated with false 
tarragon, white sweet clovery 
wild chrysanthemwn. 
58 m (190 fi) east of culvert; 
north of main channel but in 
area of alluvial depositioq 
within area vegetated with sand 
dropseed and rabbitbrush. 
73 m (240 R) east of culvert; on 
unvegetated sandbar to south of 
drainage. 
85 m (280 ft) east oC SH-3; on a 
low sand bar vegetaied with 
rabbitbrush, aster, and 
COCklebur. 

Soit Characteristics 
surface of sands and small gravels with 
occasiond cobbles; roots but no oxidized 
rhizospheres; little organic matter near 
surface; nearly pure sand at all depths. 
&ce covered with herbaceous 
vegetation; many roots but no oxidized 
rhizospheres; some organic matter in the 
upper layers; sand noticeable only in the 
upper 4 cm (1.5 in.); some light streaking; 
lower levels a silty clay loam. 
surface covered with vegetation; many 
roots, but no oxidized rhizospheres; soil 
more compacted than at NH-2 or NH-3; 
first 16.5 cm (6.5 in.) a silt loam; lower 
layer a sandy loam. 
sand and gravel on surface; a few roots 
present, but very little organic material; 
coarse sand throughout; some black 
horizontal streaks in upper 18 cm (7 in.) 
similar to those on surface of drainane. 
black horizontal bands in upper 20 cm (8 
in.) similar to surface splotches in drainage; 
virtually no organic matter in the upper 
layer% nearly pure sand at all depths. 
little sand on surface; surface cracking into 
shallow sections when dug; many intact 
roots, but no oxidized rhizospheres; upper 
16.5 cm (6.5 in.) a loamy sand; lower layer 
a sand, 

&ace with plants, sand, and small gravel; 
roots but no oxidized rhizospheres; slight 
organic matter in the upper layers; nearly 
pure sand at all depths. 

surface of sand with some gravel deposited 
nearby; no roots present; coarse sand at all 
dmths. 
&ace with plants, sand, and small gravel; 
roots but no oxidized rhizospheres; slight 
organic mater in the upper layers; nearly 
pure sand at all depth. 
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Seven of the i2 soil pits had a soil type of sand (sand forming more than 85% of 

the soils particles) at all depths. Three more pits had sand as the soil type in the upper or 

lower portion. AU other soil types found were varieties of loam, a broad class of soils 

containing a mixture of soil particle classes. The most common type of loam encountered 

was sandy loam, which contains at least 50% sand. The most developed soil types 

occurred in the areas with the greatest vegetation cover. 

All soils in the excavated pits were checked for organic matter in the upper layers, 

streaking, organic pans, and oxidized rhizospheres (where plant roots were present). None 

of these hydric soil indicators were found in any of the soils. Upper layers of SH-I and 

SH-2 soils had dark horizontal bands, but these were not the vertical streaks indicative of 

a hydric soil. much of the surface of the mid-Sandia Canyon drainage had similar 

deposits, which are believed to be accumulations of silts and clays fiom recent flooding.) 

Apparently, the periods of saturation in the lower htfd 03A113 and mid-Saudia Canyon 

drainages are too short to produce hydric soils. 

IV. WATERQUALITY 

4.1 Sandia Canyon and Water Quality Standards 

ESH-18 installed a water-gaging station in mid-Sandia Canyon near the eastern 

LANL boundary. The drainage area above the station is 6.53 km2 (2.52 mi2), and the flow 

is partially regulated by the Los Alamos Reservoir in nearby Los Alamos Canyon. This 

station is equipped with a data logger with cellular telemetry and concrete control. From 

October 1994 through September 1995, flow was only recorded on 5 dates, with a total 

flow of2.51 ft3/sec (Shad et al. 1996). 
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The State of New Mexico establishes water standards to sustain and protect 

existing or attainable uses of wtater in the State. The most recent State of New Mexico 

St&& for Interstate andlntrastate Streams (State of New Mexico 1995) published by 

the Water Quality Control Commission states, “These general standards apply at all times, 

unless a specified standard is provided elsewhere in this document, to all surface waters of 

the State.” 

The specific standards tlhat apply to waters originating within and/or flowing 

through LANL property have not yet been fblly resolved, The standards of ‘WWe 

habit’’ and “livestock watering“ apply unless it can be demonstrated that these uses are 

inappropriate. The appropriateniess of other uses, such as ‘Yishery use,” is currently under 

study. At present, the designated use of LANL streams segments, includmg Sandia 

Canyon, is ‘Wdiife habitat.” 

Outfall 03A113 carries blowdown discharges from 3 or 4 TA-53 cooling towers. 

The NPDES monitoring team estimates a typical discharge rate of 0.5-2.0 @min when 

the towers are not actively draining. IfLEDA discharges release sufficient water to allow 

aquatic sampling in the lower O L ~ ~  drainage, the Biology Team will monitor physical- 

chemical parameters of conductivity, water temperature, dissolved oxygen, and pH to 

document compliance with the criteria for wildlife habitat. These measurements will be 

taken concurrently with aquatic invertebrate collection. 

4.2 NPDES Sampling 

A water quality team froim ESH- 18 samples Outfall 03A113 quarterly as required 

by WDES regulations. In 1996, measurements of pH, total suspended solids, chlorine, 
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phosporus, and arsenic were taken at the outfitll’s point of discharge in February, May, 

August, and November. NPDES regulations require that Outfall 03A113 effluent pH be 

kept within 6 9  standard units and that other monitored constituents not exceed 

predetermined daily average and daily maximum values (Table 3). None of the monitored 

components exceeded the NPDES maximum allowable limits during 1996. 

Table 3. NPDES Maximums for Outfall 03A113. 
Effluent Constituent Maximum Allowable Allowable Dairy 

Daily Average (mg/l) Maximum 
Total suspended solids 30 100 
Phosphorus 20 40 
Arsenic 0.04 0.04 

All 1997 measurements fell within acceptable ranges with one exception. In 

February, the NPDES sampling team measured 2.47 mgA chlorine in the blowdown water 

at Outfall 03A113. Once the team observes a parameter exceedance, they are required to 

monitor the effluent until the problem has been corrected and the measurements again fall 

within the compliance range. Additional measurements yielded a daily average of 0.6 mg/l 

chlorine. 

A mesh bag of chlorine tablets weighing approximately 4.5 kg (10 lbs,) is used to 

disinfect the biowdown effluent. The bag had been kept in a sunken compartment within a 

cooling tower to promote slow dissolution of the tablets. The inspection plate for this 

cornpgttment had been repeatedly removed and became difficult to seal. On 28 February 

1997, the chlorine bag was moved to a new location in a feeder line, whose concentrated 

flow greatly accelerated dissolution of the chlorine tablets. The NPDES sampling team 

measured the chlorine exceedance on 20 February, and the blowdown was turned OE The 
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problem of rapid dissolution wiihin the feeder h e  was corrected, and subsequent chlorine 

measurements were below the compliance limit. 

V. VEGETATION 

5.1 Vegetation of New Mexico 

Located in a semiarid enwironment, New Mexico is characterized by plant 

communities mging from Chihuahuan desert scrub to alpine tundra (Brown 1980). 

North-central New Mexico contains a variety of vegetative complexes that are directly 

influenced by the wide range of elevationd zones. Upland (nonriparian) mountainous areas 

contain two climatic zones conadsting of three plant communities: the Roclq Mountain 

Subalpine Conifer Forest and U~oodland, the Rocky Mountain Montane Conifer Forest, 

and the Great Basin Conifer Woodland (Brown 1980). Lower elevations encompass two 

grassland climatic zones, which contain at least three different upland communities: the 

Plains Grassland, the Great Basin Shrub Grassland, and the Rocky Mountain Montane 

Grassland. 

In addition to the upland communities, numerous wetland (riparian) plant 

communities owur in association with most of the previously mentioned uplands. Due to 

the large number of wetland coimmunities, a more general description of the climatic zones 

in which these communities are located is given. These wetland communities are located 

within five different climatic zones and include the Cold Temperate Swamp and Riparian 

Forest, the Arctic-Boreal Swamp-Scrub, the Arctic-Boreal Marshland, the Arctic-Boreal 

Strand (streams, lakes), and the: Cold Temperate Strand (streams, lakes). 

5.2 Vegetation of LANL 

The Rio Grande floodpllain contains the lowest elevations in or near Los Alamos 
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County and is characterized by a Plains and Great Basin Riparian-Deciduous Forest with 

cottonwood (Populus spp.) and willow (salix spp.) within its boundaries. Salt cedar 

(Tumarixpent&a) and Russian olive (Elaeaws angus@~olia) , both introduced 

species, are also present. Juniper and piiion pine are the typical upland overstory species at 

elevations ranging &om about 1,705-1,890 m (5,6004,200 a). Both of these species are 

typical of the &eat Basin Conifer Woodland; and both are also common at higher 

elevations (1,890-2,105 m or 6,200-6900 ft) where they occupy large areas on the mesa 

tops. In the western portion of Los Alamos County, the woodland community intergrades 

with species of the Rocky Mountain Montane Conifer Forest. Ponderosa pine is a 

common species at about 2,105-2,285 m (6,900-7,500 ft) on the higher mesa tops and 

along many of the north-facing canyon slopes. White fir also occurs along the higher 

north-facing slopes intermixing with ponderosa pine in a mixed-conifer community. 

Species of the Rocky Mountain Subalpine Conifer Forest and Woodland occur along the 

extreme western edge of the county and are more prevalent at the higher elevations of the 

nearby Jemez Mountains. 

Most of the streams within Los Alamos County are ephemeral (flowing during 

precipitation and runoff events). However, permanent flow tiom springs and LANL 

facility discharges create a small number of perennial or near-perennial stream flows within 

short stretches of certain canyons. Many of these streams and other wetlands are 

characterized by vegetation of the Rocky Mountain Riparian Deciduous Forest and the 

Plains Interior Marshiand. 

5.3 Vegetation Surveys within the Project Area 

The Biology Team conducted vegetation surveys within meadows in the lower 
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outfall drainage area and in mid-Sandia Canyon, where LEDA discharges may ultimately 

flow. All transects were laid out perpendicular to established drainages located roughly in 

the middle of the meadows. We surveyed these areas in September 1996 and August 1997 

to establish baseline conditions prior to the release of LEDA effluent discharges. Transects 

were established in approximately the same locations during both years and read during 

the same season. Plants were identified with the aid of standard refkrence books, including 

Martin and Hutchins (1980), Allred (1 993), Ivey (1 995), Hitchcock and Chase (1 971), 

and Foxx and Hoard (1995). Questionable identifications were confirmed at the University 

of New Mexico herbarium. 

Transects 1 and 2 occur in a low meadow to the north of East Jemez Road. The 

soil appears to have been scraped OE many years ago, possibly for road construction. Two 

large ponderosa pines grow in a relatively undishubed settin& and the understory plant 

community between them is more characteristic of natural areas. A few scattered shrub 

thickets of chamisa ( C h r ~ s o t b ~ ~ m  ntzuseosus), wax currant (Ribes ceteum), and four- 

wing saltbush (Atriplex umesceru) also occur in the meadow. These transects occur in the 

canyon area that would be affected by LEDA discharges earliest aad most dramatically 

and already receive some efnuent discharges and precipitation run-off from the northern 

mesa. 

Transects 3 and 4 are south of East Jemez Road and downstream fiom the mid- 

Sandia Canyon culvert. The canyon is m o w  with a f&ly thick growth of ponderosa 

pines until approximately 30 m ( LOO it) upstream from the culvert, where it broadens and 

the trees thin out. In this more open area, the drainage forms a braided system with many 
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meandering and shifting channels that are usually dry. On the south side of the road, the 

meadow widens to 70 m (230 ft) and supports only scattered ponderosa pines, rabbitbrush 

(Chrysothms nauseosus), wax currant, and New Mexico locust (Robinia 

neomexicima). 

Only understory transects were conducted due to the lack of overstory in the 

meadows. The Biology Team placed the transects perpendicular to the drainage in low- 

gradient areas where water might tend to pool in the future. A transect line lens of 46 m 

(1 50 A) was chosen because that distance nearly spans the width of the meadow at 

transects 1 and 2. Percent cover of herbaceous plants, moss, bare soil, rock, and litter 

were measured with 20- x 50-cm (7.9- x 19.7-in.) plots, which were established every 3 m 

(10 ft) along the transect line (Daubenmire 1959). Moss (a group of non-vascular plants in 

the phylum Bryophyta) was analyzed with the herbaceous plants because it provides 

similar soil protection and vegetative cover. All species found in the 1996 and 1997 

vegetation surveys are listed in Appendix A 

The vegetation data were analyzed by cover, relative plant cover, frequency, and 

relative frequency. The importance index is a measure of species dominance within the 

area. An importance index was calculated for each plant species in each transect by 

averaging its relative plant cover and relative fiequency. Tables in sections 5.3.1 and 5.3.2 

list the primary understory species (any having any importance index greater than or equal 

to 5.00) found within each transect. 

5.3.1 1996 Vqetation Survey Results. In 1996, transect 1 had a total plant cover of 

39.4% (Table 4). This was the highest plant cover recorded in the 1996 transects and is 
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attributable the relative lack of surface sands and gravels that inhibit plant growth. 

Occasional flows in the LEDA Idrainage channel carry etlluent and precipitation runoff 

from the upper mesa, which nourish plant growth in the relatively dry meadow. A 2.4-rn 

( 8 4 )  -wide swathe of alluvial sediments marked the drainage in this transect, although 

eroded sediments were noted alongside the drainage for an additional 4.3 rn (14 fit). A 

total of 18 species of plants was recorded within the transect, inciuding 7 grasses. 

Table 4. Dominant Understory Plants in Transects 1 and 2,1996. 
Transect I Scientific name I Relative I Relative I Importanc 

(Common name) plant cover frequency Index 
1 Bouteluua gracilis 25.30 12.96 19.13 

(blue grarna) 

(smooth brame) 
1 B r o m  inemis 17.71 11.11  14.41 

I Artemisia &mgneulus 8.43 11.11 9.77 
I (false tarrap;on) 

1 11.80 3.70 7.75 
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Transect 2 had a total plant cover of 29.00/0 in 1996. The drainage had no defined 

channel, but loose sediments deposited by flowing water were noted for a distance of 10 m 

(34 ft) across the transect line. Transect 2 contained 13 plant species, including 6 grasses. 

In 1996, transect 3 had a total plant cover of only 15.4% (Table 5), due to the 

extensive sand deposits carried downstream by flowing water from upper-Sandia Canyon. 

The main drainage occupied 9 m (30 ft) of the transect, but side drainage and sediment 

deposits extended for an additional 13 m (42 ft). The Biology Team recorded 17 plant 

species within transect 3, including 5 grasses. 

Table 5. Dominant Understory Plants in Transects 3 and 4,1996. 
Transect Scientific name Relative Relative hportance 

(Common name) plant cover frequency Index 
3 Artemisia &acunculus 34.58 10.34 22.46 

3 Artemisia curruthii 23.05 13.79 18.42 
(false tangon) 

~womwood~ 
3 S’robolus cryptm?dirus 10.09 13.79 11.94 

3 Erogrmtis mexicana 5.76 1 0.74 8.05 

3 C k n o p d u m  album 4.32 6.90 5.61 

4 Artemisis &umnalus 44.12 25.00 34.56 

4 s p o h h c ~ m s  11.34 16.67 34.56 

4 Bouteloua gracilis 8.40 8.33 8.37 

4 Porhrfaca olerucea 12.61 4.17 8.39 

(sand dropseed) 

- (Mexican Iovegrass) 

(lamb’s quarters) 

(false tarrag on) 

(sand dropseed) 

(blue grama) 

(common purslane) 

Transect 4 had a total plant cover of only 15.8%, due to sand deposits from the 

upper canyon. In 1996, transects 3 and 4 had the Iowest plant cover values recorded in the 

study. The main drainage cut across 10.5 m (34.5 rt) of the transect, and other deposits 
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undoubtedly limited plant growth. Transect 4 contained 15 plant species, including 5 

grasses- 

In 1996, a total of 29 plant species, including 9 grasses, were found in the 4 

vegetation transects. Plant cover averaged only 24.9% due to extensive deposits of sand 

and other erodible materials transported &om upstream areas. The average cover value of 

transects 1 and 2 (34.2%) was higher than that of transects 3 and 4 (15.6%) because their 

side-canyon has received significmtly less sedimentaq deposits. 

In terms of relative cover and relative frequency, the most abundant plant species 

in the transects were herbaceous sagebrushes (Artemisia spp.), sand dropseed (S’roboZus 

cryptadws), and blue grama (dlouteloua gracilis). These three taxa account for 61.1% of 

the combined importance indiceir for all 19% transects. 

5.3.2 1997 Vegetation Survey Results. In 1997, transect 1 had a total plant cover of 

52.9% (Table 6), the highest reclorded in either year. This comparatively lush growth is 

due in large part to a wet spring and fiequent summet rains with sharply contrasted with a 

severe drought during the early spring of 1996. The d m e  channel occupied only 3.7 m 

(12 ft) of the transect, so that only one Daubenmire reading was taken in this relatively 

bare area. Transect 1 contained 18 plants, including 6 grasses. 

Transect 2 had a total plant cover of 45.00/0 in 1997. The poorly defined drainage 

extended for about 6 m (20 ft) across the transect. Transect 2 contained total of 17 plant 

species, inchAing 7 grasses species. 
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Common name lant covey 

(mullein) 

id 2,1997. 

16.22 22.87 

16.81 
13s1 I 
9.46 8.18 

6.76 6.90 

6.76 6.58 

8.11 5.3 1 

5.41 5.03 

6.76 5.01 

15.15 21.61 

9.09 14.89 

15.15 15.56 
I 

9.09 8.98 

6.06 6.72 

6.06 6.43 

7.58 5.26 

Transect 4 had a total plant cover of 25.8% in 1997. The damp drainage channel 

extended for 10.5 m (35 fk) through the transect, but the vegetation was comparatively 

lush along the transect’s south end. Transect 4 contained 16 plant species, including 5 
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Table 7. Dominant Understa 

In 1997, a total of 3 1 plant species, including 9 grasses, were found in the 4 

transects. Plant cover averaged 38.9%, a marked increase from 19%. The average cover 

of transects 1 and 2 (49.0%) wm higher than that of transects 3 and 4 (28.8%), the same 

pattern observed in 1996. 
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In tenns of 1997 relative cover and relative fiequency, the most abundant plants 

were herbaceous sagebrushes (Artemisia spp.), blue gram (Bouteloua gruczlzs), mullein 

(Verbascum thapw), and weeping brome (Bromusfrondosus). These four taxa account 

for 53.0 % of the importanCe indices for all transects. 

5.3.3 Combined Vegetation Survey Results. The effect of greater precipitation during 

the 1997 growing season was shown by the occurrence of moss in 100% of its transects 

and meadow fescue in 75% of its transects whereas neither was found in any of the 1996 

transects. Each of the 1997 transects also had a higher plant cover than its 1996 

counterpart. The 1997 average plant cover (38.9%) was 156% higher than in 1996 

(24.9%). This comparatively lush growth is due in large part to a wet spring and &quat  

summer rains during 1997’s growing season. In contrast, the spring of 1996 experienced 

the most severe soil drought ever recorded in northern New Mexico. In both years, 

transects 1 and 2 had more plant cover than transects 3 and 4 due to increased moisture 

from the northern mesa and smaller bare areas in their drainage channel. 

Taxa compositions in the transects were simiiar with 5-7 grasses and 7-1 1 non- 

grass species present. The most dominant plants (Mse tarragon, blue grama, weeping 

brome, Mexican lovegrass, sand dropseed, and mullein) occurred in most transects during 

both years (see Appendix A). Despite variations in soil, moisture, and competition within 

and between transects, overall habitat differences were slight. All herbaceous plants in the 

transects were upland species, which indicates the ephemeral nature of flows in mid- 

Sandia Canyon and the LEDA drainage. 

Admy of the plants (fdse tarragon, verbascum, sand dropseed, and wormwood) 

found in high numbers within the transects are assoCiated with disturbed areas. Their 
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dominance indicates a high levcd of previous disturbance in mid-Sandia Canyon; and the 

mea has never recovered &om scraping for the construction of East Jemez Road. Seasonal 

flooding in the canyon also conitributes to soil instability, but does not suppiy sufEcient 

water to permit the development of a more established plant community. 

VL WILDLIFE 

6.1 Wildlife of LANL 

In Los Alamos County, the wide range of plant communities contain a 

correspondingly wide range of imicro- and macro-habitats. This diversity of habitats results 

in a relatively wide diversity of wildlife species, including both invertebrates and 

vertebrates. 

6.1.1 Invertebrates. Surveys for terrestrial and aquatic invertebrates have been 

conducted on the Laboratory arid Bandelier National Monument. However, the results 

fkom these surveys are restricted to localized weas and are limited in regional application. 

Members of the Biology Team have found 4 genera of aquatic mollusks and 15 genera of 

terrestrial mollusks on LANL property. Researchers have found 193 genera of aquatic 

insects and 20 other quatic noni-insect invertebrate tsxa in the waterways on and adjacent 

to LANL property. At least 89 f d e s  of terrestrial insects and 45 families of terrestrial 

non-insect arthropods have been identified on the Laboratory property. 

6.1.2 Fish. Due to the primarily ephemeral nature of the waterways, no fish have been 

found on Laboratory property. fish have been observed in nearby Guaje Canyon, Los 

Alamos Canyon, and at the codluence of White Rock Canyon and the Rio Grande. A 
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current USFWS study will determine if fish can survive with LANL canyons, inchding 

upper Sandia Canyon. 

6.1.3 Reptiles and Amphibians. A variety of reptiles are common throughout much of 

the County and include at least 14 species of skinks, lizards, and snakes. The presence of 

wetlands adds additional habitat for water-associated species. At least seven species of 

amphibians are found in the County. 

6.1.4 Birds. Birds are the most diverse group of Wildlife occurring in the area, due in 

part to the wide range of available habitats. This group includes a variety of nesting and 

migrating raptors that occupy some of the relatively undisturbed areas and the steeper 

canyon walls. The more than 200 bird species that have been recorded in Los Aiamos 

County include at least 1 12 species of breeding birds (Travis 1992), most of them 

migratory summer residents. 

6.1.5 Mammals. At least 29 species of small d s  occur in the area, some of which 

are spec& to defined elevational ranges. Deer mice (Peromysm mrmiculutus), woodrats 

(Neotom w x i m ) ,  and least chipmunks ( E u t m h  minimus) inhabit most areas of the 

region. Piilon mice (Peromyscus trueiz) are found primarily in piiion-juniper woodlands; 

western red-backed voles (Clethrionomys calijimicus) occu in the higher elevations; 

while western harvest mice (Reithrohntomys megalotis) and long-tailed voles (Microtus 

Zongicmuhs) are f m d  in moist canyon bottoms. Shrews (Sorexphstms artd S. 

vagrans) five near flowing water. Thirteen species of bats (order Chiroptera) have been 

recorded within LANL boundaries, 
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The most commonly sew large mammals in Los Alamos County are mule deer 

(0c;ioCoileus hemiom) and eUk (Cervus e l q h s  nelsonii). These species generally winter 

in the lower elevations of the Pajarito Plateau and spend their summers at the higher 

elevations of the Jemez Mountains. However, recent surveys in the Los Alamos County 

area indicate that expanding populations of these species reside year-round at lower 

elevations. Little population data is available for the other large- and medium-size 

mammals of the area. The County supports at least 12 species of mammalian carnivores, 

including mountain lion (Felix concolor), bobcat (Lynx ru-s), fox (VulpesLfirlva), and 

coyote (Canis latrans). 

6.2 Wildlife of the Project AI= 

The Biology Team selected several groups of animals to monitor the effects of 

LEDA discharges on load wildliife. The studies were conducted to provide baseline data 

documenting conditions in mid-Sandia Canyon prior to LEDA releases. An increase in 

available drinking water is expected to increase bird diversity and abundance, and the 

Biology Team conducted bird siirveys along the lower drainage in August 1996 and 

September 1997. We monitored reptile and amphibian populations daily for a 2-month 

period in the late summer of 192h5 and for a 4-month period through the spring and 

summer of 1997. In the future, these studies may be supplemented by monitoring large 

m d  movements within the mnyon. IfLEDA discharges sigdcant quantities of 

efBuent to produce ponding, the Biology Team may initiate aquatic invertebrate studies 

within areas of standing and/or flowing water. 
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6.2.1 Birds. David Keller, an experienced ornithologist on the Biologist Team, 

systematically walked mid-Sandia Canyon to determine its resident summer bird 

populations. Surveys include 15 observation points with approximately 200 meters 

between adjacent points. Surveys begin soon aRer daybreak and end before 11 AM, 

u d y  the best time for recording maximuin numbers of bird species and individuals. 

Observations consists of 6 minutes spent at each point, during which all species heard 

andor seen me recorded. Each observation includes the individual‘s species and estimated 

distance from the observation point. Habitat type and meteorological information are also 

recorded at ali observation points. Unknown birds are identified with a published guide in 

the field (National Geographic Society 1987) or on return to the lab Ghrlich et al. 1988 

and Travis 1992). 

David Keller conducted a bird s w e y  within the LEDA lower outM drainage and 

in mid-Sandia Canyon on 14 August 19%. He found a total of 109 individuals of 25 bird 

species (Appendix B), the most common being pygmy nuthatches (SzttaWgmaea), 

American robins (Turdus migratm’us), lesser goldfinches (CmbrreZispsaZfria), chipping 

sparrows (SpizeZkzpamerina)7 mountain chickadees (Parus gcmnbeli), and spotted 

towhees (Pipilo erthrophthalmus). Keller conducted anotha bird survey in the same area 

on 12 September 1997. He found 11 1 birds of 21 species, the most common being bushtits 

(PsaZtri- minims), pygmy nuthatches (Sitta pygmaea), chipping sparrows (Spzella 

passerina), lesser goldfinches (Carduelis psaltria) and Virginia’s warblers (Vermivora 

virginiae). These results are typical of bud populations in local dry canyons that are 
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disturbed by fiequent road noise. No waterbirds or birds associated with wetlands were 

found in either survey. 

6.2.2 Reptiles and Amphibinns. Reptiles and amphibians are captured in pitMl traps, 

containers dug into the ground so that the top is flush with the ground surface (Heyer 

1994). Animals stumble into the traps and cannot climb out the vertical sides. Drift fences 

are metallic obstructions placed to intercept the animals and to direct them towards the 

pitfall traps. A pitfall array consists of 4 traps placed along a drift fence, one trap on each 

side at each end of the fence. 

We recorded the species name, mass, total length, tail length, and tail regrowth 

rate (where applicable) for all captured amphibians and reptiles. A Mitutoyo Scale 

measured snout-vent length and vent-tail tip length, and a Mettler Scale measured the 

animal's mass. Larger individuerls were implanted with a passive integrated transponder 

(PIT) containing a unique code for recapture identification (Camper and Dixon 1988; 

Schooley and Van Home unpuldished). PIT tags are small capsules containing microchips 

that are injected into the abdominal cavity. Tags are activated by a portable reader and are 

a relatively harmless method of mark-recapture. All captured individuals were returned to 

their place of capture within 24 hours. 

In 1996, the Biology Team constructed 8 pitfall arrays in mid-Sandia Canyon, 4 

along each side of East Jemez E.oad. Each array consisted of 4 1-gallon buckets and a 30- 

cm (1 2 in.)-high and 5-m (16 &)-long drift fence. Arrays were placed within and near to 

the future LEDA drainage and sipaced at least 20 m (65 fi) apart. P i a l  traps were opened 

on Monday, checked Tuesday tlkough Friday, and closed on Friday. 
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In 1996, the trapping season in mid-Sandia Canyon ran from 26 July-30 

September. During that perid, 32 individuals of 4 species were captured (Table 8). The 

most common animals captured were Eastern fence lizards and many-lined skinks. We 

caught only 1 amphibian, a tiger salamander (Ambrystomu tigrimm) captured near the end 

of the trapping season. 

Common Name Scientific Name 

Eastern fence lizard Sceloporus unb?rlahrs 

Number of Relative 
Individuals Abundance 

18 56.2% 
t i 

Ma~~y-hed skink Eumeces multivirgatus 
Plateau striped whiptail Cnemiabphorus velox 

Tiger salamander Ambystoma tigrimm 

In 1997, the Biology Team modified the pitfall traps to ensure more reliable data 

collection. All pitfd containers were replaced with 5-@on buckets to minimize the 

possibility of escape. The number of trap arrays was reduced fiom 8 to 4, so that 16 rather 

than 32 traps were monitored. This consolidation conserved l i i ted project resources by 

permitting more rapid field checks. 

Some captured animals were individually marked with PIT tags as in 1996 or by 

toe clipping, which was used in a n i d s  weighing less than 8 grams (0.28 02.). Toes are 

clipped in unique combinations to give each animal an individual marking. These methods 

show ifan animal had been previously caught. Information &om recaptured animals allows 

assessments of the animals’ health, home range, and habitat preferences. 

In 1997, the mid-Smdia Canyon trapping season ran &om 8 May-1 8 September. 

In that period, 56 individuals of 5 species were captured (Table 9), including one western 

terrestrial gartes snake that was caught by hand near a pitM trap. The other 4 species 
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were the Same as those captured in 1996, although the relative abundances changed 

markedly. During the 1997 trapping season, 33 animals were toe-clipped, and 3 of these 

animals were recaptured. Duririg 1996 and 1997, a total of 7 whiptails were injected with 

PIT tags, but none of the injected animals were recaptured. As in 1996, we captured only 

1 amphibian, a tiger salamander (Ambrystoma tignmm) caught near the end of the 

trapping season. 

Captured in middle Sandia Canyon during 1997. 
Number of Relative 
Individuals Abundance 

19 32.8% 
I I I 

Many-limed skink I Eufineces multivirgatus I 15 I 25.9% I 
I Plateau striped whiptail I Cnemiubphorus velox I 22 I 37.9% 1 

tigrinurn 1 1.7% 

1 1.7% 

The increase in captured animals (58 in 1997 as compared to 32 in 19%) is 

probably due to increased precipitation, a longer trapping season, and larger traps that 

reduced escapes, In 1997, the most commonly captured animals were the Plateau striped 

whiptail, the Eastern h c e  l i d ,  and the many-lined skink. The increase in total number 

and relative abundance of whiptail lizards is attributed primarily to the larger pitfd traps. 

Other changes, such as a noticeable relative decrease in Eastern fence lizards (56.2% to 

32.8%), may be due to annual variation. A 2-year comparison of trap sites shows that 

microhabitat preferences do not explain such a large difference in relative abundances. The 

reptiles and amphibm captured during 1996 and 1997 are characteristic of dry canyons 

in the area that have infrequent flow regimes. 
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The Biology Team hopes to continue its reptile and amphibian study in this area 

during 1998. Ifnecessary funding is secured, microhabitat parameters will be measured, 

monitored, and assessed. If LEDA operations add signiScant quantities of water to Outfall 

03A113, we would expect a dramatic increase in the numbers and relative abundances of 

amphibians, including tiger salamanders, chorus frogs (Pse&cris triseriata), Woodhouse 

toads (Bufo WooaatOUsei), and western spadafoot toads (Scaphiopus multiplicata) . 

6.2.3 Large Mammals. In 1948, the New Mexico Game and Fish Department released 

28 Rocky Mountain elk into the Jemez Mountains. This initial population has dramatically 

increased to an estimated 6,000-8,000 head (Gonzales et al. 1995). Many elk remain on 

LANL property throughout the year, and elk calves have been observed in Sandia Canyon, 

Caliada del Buey, and Pajarito Canyon. Increases in both elk and mule deer herds are 

believed to result from a lack of hunting pressure and the expansion of suitable foraging 

habitat following the 1977 La Mesa Fire. 

Between January 1990 and February 1995, police reports documented 105 

accidents in Los Aiamos County due to vehicular collisions with mule deer (54) and elk 

(51) ( G o d e s  et al. 1995). During that period, the Section of East Jemez Road from 

State Route 4 to Diamond Drive has experienced vehicular accidents with 3 elk, 1 deer, 

and 1 coyote. Throughout the County, the greatest numbers of these collisions occurred 

during firll and &om 4:OO PM-12:OO AM. Increased water in mid-Sandia Canyon from 

LEDA discharges should increase habitat attractiveness to both deer and elk. 

VII. THREATENED AND ENDANGERED SPECIES 

The USFWS lists 7 T&E animals and no T&E plants as occurring in or potentially 
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occurring in Los Alamos County. Potential Occurrences are based on prefmed habitats of 

the species and the presence of those habitats within or near Los Alamos County. Table 10 

lists all T&E species occurring or potentially occurring in the County along with their 

listing status and preferred habitat. In addition to these officially listed species, 12 other 

species of concern occur or potentially occur in Los Alamos County. These species are 

monitored by the USFWS and rnay be listed in the fbture. 

The primary impact of the LEDA project on the surrounding environment will 

probably be habitat improvemerit due to the addition of noncontaminated water to a 

typically dry section of Sandia Canyon. This may make the area more attractive to the 

following species: 

peregrine f'alcon (F'o perepims) - raptor, endangered species, 
ferruginous hawk (Buteo regalis) - raptor, species of concern, 
laggerhead shrike (hzzcs lzubvicianus) - raptor, species of concern, 
northern goshawk (Accipiter gentiZis) - raptor, species of concern, 

spotted bat (Eudemta mucuZafum) - bat, species of concern, 
big free-tailed bat (NLcfi,,nomops mcrotis) - bat, species of concern, 
long-legged myotis (MyOtis volmzs) - bat, species of concern, and 
occult little brown bat @@tis ZucrsirguS occultus) - bat, species of concern. 

Increased water may increase the number of vertebrate prey for the raptors and 

invertebrate prey for the bats. The tall tuf€ elif% provide good raptor foraging habitat, and 

spotted bats may start to roost in the cliffs if water pools within the canyon. Construction 

activities are confined to previmisly disturbed areas, which are unsuitable habitat for 

animal species that potentially inhabit the larger surrounding area. Therefore, it has been 
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Common Name Scientific Name 
Black-footed ferret Mustela nigripes 

Status* Habitat Description 
E Prairies, usually in prairie 

American peregrine 
falcon 

Arctic peregrine falcon I Falcoperegrinus 1 T (WA) 

Falco peregrinus E 
m t u m  

dog towns. 
Ponderosa and pifion; 
nests in cliBEr and rock 
outcrops on cliffs, known 
to breed locally. 

I 
Bald eagle Haliaeetus 

lmcocephlus 

Southwestern willow 
flycatcher 

T 

Whooping crane 

Mexican spotted owl 

U.S. and Mexico. 
Riparian areas, wetlands, 
and open water for 
wintering and migrating 
eagles. 
Mixed conifer in uneven- 
aged and multi-storied 
forests with dosed 

Strix occidentalis T w/CH 
lucidb 

canopies, mountains and I I  canyons; known to breed 

Ernpiabnax truillii 
extimus 

E 
w/PCH 

I E  Grus americana 

locally. 
Nesting habitat includes 
shrubs and trees in willow 
thickets, shrubby mountain 
meadows, and deciduous 
woodlands along streams, 
lakes, and bogs. 
Nests in Canada, winters 
along Rio Grande where it 

I I I roosts near water. 
* StatusIndex 

E = Endangered 
PE = Proposed endangered 
T - 
PCH = Proposed critical habitat 
PT = Proposed threatened 

Threatened - 

PT w/CH = Proposed Threatened with critical habitat 
S/A = Similarity of appearance 
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determined that the LEDA project may beneficially affect, but is not likely to adversely 

affect, potential foraging habitzit for the raptors and bats listed above. 

Vm. BIOLOGICAL BEST MANAGEMENT PRACTICES 

Best management practices (bmps) addressing potential biological concerns will be 

written throughout the life of the project. At present, several biological bmps deserve 

mention: 

Heavy equipment must mot be used within the stream channel or floodplain. off- 

road t r d c  is not permitted witlhin the stream channel or floodplain without prior approval 

by the Biology Team. These areas are sensitive habitats and are protected Executive Order 

11988, which mandates that potential effects of any federally h d e d  action in a floodplain 

be evaluated. 10 CFR 1021 outlines the procedures for DOE compliance with the 

floodplain executive order and plmvides a means for public review. These regulations 

require that dl DOE actions be usessed for impacts to floodplains and wettands, 

regardless of size. Potential impzrcts are addressed in NEPA documentation and Federal 

Register notifications. Additionally, under Section 404 of the Clean Water Act, the 

degradation of floodplains and wetlands must be controlled by limiting the discharge of fill 

into them. 

Care must be taken to minimize erosion of upper areas. A concrete spill pad or 

gabions may be eventually needed to limit deep cutting in the plunge pool located at the 

cliffbase. ESH-1% is charged with making periodic inspections of this area and with 

developing appropriate erosion control measures should they become necessary. 
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Between January 1990 and February 1995, police reports documented 105 

accidents in Los Alamos County due to vehicular collisions with mule deer (54) and elk 

(5  1). Increased water in mid-svdia Canyon fiom LEDA discharges should increase 

habitat attractiveness to both deer and elk. If substantial numbers of large mammals move 

into the area, it may be necessary to post warning signs, decrease the speed limit, and/or 

install fencing along East Jemez Road. If the necessary hd ing  becomes available, the 

Biology Team will monitor large a n i d  movements within the lower outfall drainage. 

Revegetation of the lower drainage area may become necessary to restore 

vegetation damaged by LEDA effluent flows and associated sedimentation. This area has 

never recovered fiom serious disturbance associated with road construction. Increasing 

amounts of erodible materials &om the upper drainage wodd M e r  compromise the 

ability of vegetation to hold soils in place. Biology Team botanists catl devefop an 

appropriate seed mix of native species for the area once LEDA discharges have ceased. 

IX CONCLUSIONS 

The Biology Team hopes to be able to continue collecting baseline data fiom mid- 

Sandia Canyon to more klly document the biological conditions within the lower drainage 

and middle Sandia Canyon. Water quality testing and aquatic invertebrate sampling will be 

initiated if LEDA discharges sufficient amounts of water for ponding to occur. Large 

mammal monitoring may be initiated if standing or flowing water fiom LEDA becomes an 

attractive nuisance which endangers the safety of motorists on East Jemez Road. 

This biological evaluation of the area afkcted by the LEDA project area seeks to 

establish biological baselines prior to the release of effluent discharges. Such monitoring 

1 



before, during, and after project completion was necessary to secure USFWS concurrence 

with the environmental and biollogid assessments prepared for the proposed project. The 

report discusses the current biota and physical characteristics of the drainage in mid- 

Sandia Canyon that will eventuidly receive the effluent discharges. 

NPDES water quality monitoring at outfall 03A113 found no exceedances of pH, 

chlorine, phosphorus, total suspended solids, or arsenic during 1996. A chlorine 

exceedance was observed at the: outfhll in 1997, but its cause was quickly identified and 

corrected. The soils in the lower outfatl drainage and the main drainage in mid-Sandia 

Canyon are primarily composed of sand. These soils do not contain characteristics of 

hydric soils, such as high organic matter content in the upper layers, vertical streaking, 

organic pans, or oxidized rhizospheres. The periods of saturation in the lower Outfd 

03A113 and mid-Sandia Canyon drainages are of too short a duration to produce hydric 

Soils. 

A total of 44 plant species, including 10 grasses, occurred in the 8 vegetation 

transects. All of these plants are upland species, indicating the ephemeral nature of flows 

within mid-Sandia Canyon. Plant cover averaged only 3 1 .PA due to extensive deposits of 

sand and other erodible materials transported fiom upstream areas. The most abundant 

plant species in the transects were false tarragon, blue grama, weeping brome, Mexican 

lovegrass, sand dropseed, and miuliein. These plants are fkequently associated with 

disturbed areas, and their dominance indicates a high level of previous disturbance in mid- 

Sandia Canyon. The area has never recovered fiom past scraping for the construction of 

East Jemez Road. Seasonal floocdhg in the canyon also contributes to soil instability. 
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Bird surveys within the fiture LEDA drainage in mid-Sandia Canyon found a total 

of 220 individuals of 32 bird species, the most common being pygmy nuthatches, bushtits, 

chipping sparrows, mountain chickadees, and lesser goldfinches. These results are typical 

of local dry canyons that are disturbed by fkequent road noise. 

Pitfail traps captured 85 individuals of 5 reptile and 1 amphibian species. The most 

commonly captured animals were Eastern fence lizards, Plateau striped whiptails, and 

many-limed skinks. Three whiptail lizards were recaptured, providing data on the animals’ 

health, home ranges, and habitat preferences. Two tiger salamanders were the only 

amphibians caught. LEDA discharges may increase the numbers and relative abmdances 

of amphibians (such as tiger salamanders, chorus &ogs, Woodhouse toads, and spade-foot 

toads) within mid-Sandia Canyon. 

In terms of T&E species, the primary impact of the LEIlA project on the 

surrounding environment may be habitat improvement due to the addition of non- 

contaminated water to a typically dry section of Sandia Canyon. This may increase the 

area’s attractiveness to a federally protected raptor and several species of concern. 

Therefore, it has been detennined that the LEDA project may beneficially affect, but is not 

likely to adversely af fec t ,  potential foraging habitat for these species. 
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XL GLOSSARY OF ACRONYMS AND TECHMCAL TERMS 

anaerobic - lacking free oxygen. 

as1 - above sea level. 

Biology Team - a LANL team within ESH-20 charged with monitoring the environment. 

blowdown - water discharged from cooling towers. 

bmp - best management practice. 

Bryophyta - a phylum containing non-vasdar plants including mosses and liverworts. 

CCDTL - coupled-cavity drift tube linear accelerator, 

DOE - Department of Energy. 

e&ent - the outflow of a cooling tower, sanitary line, or other source of discharge. 

EPG - Environmental Protection Group. 

ESH-18 - LANL’s Water Quality and Hydrology Group; a group within the Laboratory’s 
Environment, Safety, and Health Division. 

ESH-20 - LANL’s Ecology Group; a group within the L&oratory’s Environment, Safety, 
and Health Division. 
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FONSI - Finding of No Significant Impact. 

forb - a non-woody plant that is not a grass or grassIike. 

gabion - a wire basket filled with rocks and placed to prevent erosional losses. 

gpm - gdons per minute. 

hydric - of a wet or moist environment. 

importance index - a measure of a plant species dominance in a community. 

Laboratory - Los Alamos National Laboratory. 

LAM, - Los Alamos National Laboratory. 

LEDA - Low Energy Demonstration Accelerator. 

mA - milliampere. 

MAP - Mitigated Action Plan. 

maaoinvert&rate - an invertebrate large enough to be seen without magnification. 

MW - megawatt. 

NEPA - National Environmentid Poky Act. 

NPDES - National Pollutant Discharge Elimination System. 
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NWI - National Wetlands Inventory. 

overstory - the upper vegetation of an area, consisting of trees. 

PIT - passive integrated transponder 

quadrat - a rectangular border used to define a particular area to be surveyed. 

raptor - a predatory bird. 

RFQ - radio-frequency quadrapole. 

rhizosphere - an area surrounding a plant root, which becomes reddish in an anaerobic 
environment. 

SAD - Safety Analysis Document. 

substrate - the surface materials on a streambed or floodplain. 

SWCS - Solid Waste Consolidation System. 

TA - Te~hical  Area. 

T&E -threatened and endangered. 

transect - a defined survey line. 

tuff- rock composed of compacted volcanic ash. 



understory - the lower vegetation of an area, consisting of grasses, forbs, and sM8u 
shrubs. 

USFWS - U.S. Fish and Wildlife Service. 
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APPENDIX A 

estatiata 

wormwood 

PLANT SPECIES FOUND WTTHIN VEGETATION TRANSECTS 
IN MIDDLE SANDIA CANYON 

697 

3-49 7 

1 Scientific name 

weeping brome 
smooth brome 

Artemisia carruthii +- Artemisia &-lm 

1,2,4¶57 6,798 

1-5 

A rtemMa f i ig ik 

B r o w  tectorum 1 7 -  

Eriogomm jamesii 

Festuca prate?& 

Common name Transect 
number* 

1,293 

womwood 2¶3,4,6,7 

downy chess 2 

moss 5,4,7,8 
mouse-ear chickweed 1 

ldsquarters 397 

C W S a  324 

slender wheatgrass 1,2,3,5,6,7 
common aeabane 6 

antelope sage 2,334 
MexiCanlwegrass 1,2,3,5¶ 6,7,8 

I 

meadow fescue I 
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I Scientific name I Commonname I Transect 
number* 

Helianthus petiolaris prairie sunflower 1 

Ijwmopsis aggregatu skyrocket 3 

Lymms phieoides wornail 6 

I ’  I yenow sweet-clover 
I I 

Mentzelia pumila I stickid 16 

I Oenotheru albicauh 
Panicum capillare 
Parthenocisus imrta 
Pectis angustgolia 
Poa fendleriana 

prairie evening-primrose 6 

witchgrass 4 

Viiginia creeper 

muttongrass 

Portulaca oleracea common pursiane 4 4 , 8  
Robinia zwomexican New Mexico locust 1 

Sisymbrium altissiumum 

S’heralcea incana 

Sporobolus c?yptan&us 

Tarmcacum oflcinale 

wild raspberry 

tumble mustard 

giobe mallow 

sand dropseed 

dandelion 

5 

193 

* 1997 transects are numbered as foIlowed: 

5 = 1997 transect 1 

6 = 1997 transect 2 

7 = 1997 transect 3 

8 = 1997 transect 4 
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APPENDIX B 

BIRD SPECIES FOUND IN MIDDLE SANDIA CANYON BIRD TRANSECTS 

1996 

Common Name !Scientific Name Number of . Relative 

American robin Turhus migratorius 11 9.82% 

Ash-throated flycatcher Myiarchs cinerascens 5 3.57% 

Black-chinned hummingbird ,4rchiIoch ale& 5 4.46% 

Bell’s vireo iVireo bellii 1 0.89% 

Blue grosbeak Guiraca caerulea 3 2.68% 

Canyon wren Catherpes mexicanus 2 1.79% 

chipping sparrow :@izelZa pawerim 7 6.25% 

Gray flycatcher ihpiahax wrightii 1 0.89?? 

House finch ~7-s mexicams 4 3.57% 

House wren Trogllou3lfes aedon 1 0.89% 

Lesser goldfinch Carduelis psaltria 8 7.14% 

Mountain chickadee iPrnrr~gi&tdi 7 6.25% 

Individuals abundance 

Northern flicker Colaptes mratus 4 3.57% 

Nothem mockingbird lMimus poIygIottos 2 1.79% 

Pygmy nuthatch Sittkz pygmuea 13 11.61% 

Scrub jay Aphelocoma coerulescens 3 2.68% 

solitary vireo Vireo Solitarus 1 0.89% 

Spotted towhee Pipiio erthrophthaIrnus 7 6.25% 

Virginia’s warbler lvermivora virginiae 2 1.79% 

Violet-green Swanow :Tidrycineat thuIassim 4 3.57% 

Western bluebird :Wia mexicam 4 3.57% 

I 

Western kingbird &mnnus verticalis 4 3.57% 

Western tanager Piranga Iudociviana 6 5.36% 

Western wood-pewee Contops sordididus 4 3.57Yo 
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1997 

Common N m e  Scientific Name Number of Relative 
Individuals abundance 

American robin Tu~diis migrutorius 
Black-chinned hummingbird Archilochus a l d i  

Bushtit Pwltri-s minims 

canyon towhee Pipilofisms 

4 3.60% 

1 0.90% 

20 18.02% 

3 2.70?? 

I I I 

Northern nicker I Coiiptesaurutw 7 6.3 1% I I 1 

Canyon wren 

chipping sparrow 

I I I 

Pine siskin I CarAelispimrs 2 1.80% I I I 

Catherpes mexicarms 5 4.50% 

@&ella pserina 10 9.01% 

Common raven Coyus corm 5 4.50% 

Dark-eyed junco Junco hyemulis 5 4.50% 

Gray flycatcher Empiahax wrightii 1 0.90% 

Lesser goldfinch Carduelis pmltria 7 6.3 1% 
c 

Mountain chickadee Parus g m h l i  4 3.60% 

I I 

Western wood-pewee 1 €ontopus sordididus 2 1.80% I I I 

Pygmy nuthatch Sit& pygmaea 13 11.71% 

Scrub jay Apheltxonm cmrulescem 5 4. So?? 
b 

I I I 

White-breasted nuthatch 1 Sitta caroiimnsis 2 1.80% I I I 

Spotted towhee 

Virginia's warbler 

Western bluebird 
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Pipilo erthrop/tthaims 5 4.50% 

Vermivora virginiae 6 5.41% 

Sialia mexicam 2 1 .SOY0 
I 
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